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nat no t= uzztmmt t zwmmfim. 

±.immm#vw.fcMz£ ^x 2mt izM.*tc&±<n 

±.mmm. ^mwjMcr>nhm.^zmimm 
tmnmifr*-? y- MznLx\i<%m35ftizrti\,xmz 

m.±iz-mzm^h^tixm : rhti. ®t*m?t i 

imm4] iMmjibLxwsm-ft'&zmibt 

6^B8«S:fi|ffl'tSitS:1*ai:-rSill««3iEa<0 

[p«3i6 ] ummfib LxiMiffimmmz&^z 
tozmmmfrb&xtfzti&i&mzmiimb 
-ri^mmmmthzbiimbi-immtm 

ntzmm&m^&MiZft&?Ms.ftmzmMb 
t&nywmzmm-t&zb zmLbtmimsim 

mizm-itzimcQmtMzXix 2m<rmmzmow. 

<oaMk»»«ii:«B:*ia*r6lfc:EH9nS*i*i fc Zft®b 

imm ) ±izmmm&tz>±Mm&&b i 
x-mm%mifm^imitmm^\ tvwve* 

ttfc»ofc3BBw»flsfiri*ltc J: T 2m<r>ft®Z1i&m 
f5m&m?T2b -> X . BftKCOBItfj **JJE«fRfflf* 

[ mm i o ] -«ss»wi^rtt*irt-6Ktt**»fe* 
mbimm&xmzwxmzmtt&fcihnmtoj) 
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mmmcoMituftiz ^X2 mmm. ? sam 
mm=FX'h-ox, 

b immmu^tm-itrnmb % & x o ttmsmum 
mLZitz>zbiz£*)mii*ti&zbzmbt&®& 

mmi i ) imm-himnhzb^zx^m. 

I mm 1 2 3 JJEflMfittUSAlc i -> T«SK« 

o izttiz b zmibtimx 1 
i mm 1 3 ) ±xnmmmtm*£ x ~> T*s8fc« 

%mu^m.^txoizuzzbm^btm^ 

i mm 1 4 3 ±iefflfgaf*(i±iB«?«® mms 
m*<mtzmwjfo&rt&mmmMtp ± 

& z b mm tm-m 1 o tmowsmim?. 
mm 1 5 3 ±iaffi#ffl*^«±aa^a* { 5 o o 

isHztvvxmzmtthtzwwmftm&fkbtt 

L. 

±eflHBffl«c<0BMb*mfc J: -3 X 2 tfeoffi ffi 3 

bthmsmm^. 

[ 1 7 3 ±3mmmt±ss»imm&&& 
mz<mMz^tm&tt\t¥mi<m&m^% 
±ieigt!j7)* { ±isffl#af*c 7 )ffl(c{5ffSii*[6]tEp 

tn^tii zbmmbt mm i 6iim<7)w$m&m 

L, iJE+ISUBO»8'tJ:')±fEWH«Btt*k±EH 

t Lfc i t z mi b -t m m 1 7 1 B®^nmat^ 
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[ mm 1 9 ] ±mmmi±.mm<omitm 

i»ct&«Fgi!i:ti»i«*Jii esmnmmm?* 
[ mm 2 o ] mmmmfct i mmmwt 
m^%h mmmmt mzmmt m-^mmz 

x <o ±mmmmm t ±i mjmm t <m^m 

mmi 6sm<7)®M®mm?. 
[ mm 2 1 3 iMmmwm-m^-m^ 5 o o 
n mmx'hh z t mmt -tm m i etm^m^, 

g» * iJEtlWffl*<0»*ai|k^^«(*i: (2BTMIB: 
U 

JJB«fBffl««oao5ri6it i 2 ffi<ofiffg£i& 3 urn 

.LlBSaWjIi, J:Kfl«#«0J1«*»4>EMpSnS8t« 

I mm 2 3 ] ±Effl «fflflaa**ffl<0-*i£# 5 0 0 
n mJaT-efti £ k £*WSk "f 1 9fE«?)fim 

u 

ismmmmxtoK.* ->x immmo wo. 
immmt. 2 wxtcommmtfrnM § *ut«a 
umm 5 3 mmmtkmm-z>m2mAt 
m&mzstsz b mw.b-thmm2Atm<nm 

nmt&mi. mmttmbw&izx^xtmizms, 

m-^mmtfhmimmbt^h^b^w&ibth 

mm 2 4 imnmsmtm^ . 

[ mm 2 7 3 immmmt . t ±e« 

■f * £ i *««t 2 6IEft<0fit*UlteX?. 

[§S*JK2 8] JJEfll*Sttti, ±fE58tt?fS?i:±fE 



tifzmziii-z>zbmmb^mm2 etmnm 
imm2 9 j jjeflHHflttii. M^ft4et±ieia 

ttff it b ±E»*ttft4« k tteVJttl k Il£ttfcfl k 

^JiWMisiifciiBttwt* £ k mmb -t&mm 

[ n$* 3 0 3 ±i etff8ffiffcog*ia<o-*a;# 500 
n mMTx-h&z b zrn&b -thmm2 a m&mss, 

mm3 1 3 -mt&mftZG-r&m&m^* 
mmmb. 

fcmmizttixm%.cr>ftm®®ix^z>zb*ftwib 

im&3 2 3 A. Ktttt*>&&*flM£ttfc . 

mtiimtft&bttu 

ismmm^m^mzx ->x 2m*Miztim.co 

m^mmmmmtnmm^^f^b s:*f 

[»^3 33 a. -mmsmij'&^tm'&m^ 
t>%zmmb. 

U 

±IBflHBfflftW«^05ri6lfc: 2ffl<7)fflfg^fii3i^ 

mxiti zbizx*) ntkisti&msmB&Tb . 

b. *-)wmtMt®mm}Sk£xv±Mmsm® 

%wmmLmmw£%mmfi-\&t*&b &rt 

hzbmw.b^hm%m.. 

[»^JS3 4 3 a. -wmsmu&m-r&m&m* 

t>%&mtmb. 

umz^xmizmsjs-t^tz^comwmm^b^ 
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u 

mmmftwmtfrmzx ^x 2m$m*m®& 

. b. ^wi^i^ttO^flQHIUcJ: OJJBSAWft 

u 

[ n&g 3 6] a . Hmsw&tt * ttm&m> 

L. 

[M«JS 3 7 3 A . HWWW#tt&^S«tttt0» 

jjsmsm <m-\t-n&\ t iot2 notifies 3 urn 

[f^ffcfflSMJ 
[000 13 
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(cajs ixnm* h <r>x-h 1 . 

[0002J 

xizmtix^K^frcotix-rnhZfi^x^h. mi 

^iBfiWBfl:tca-r6k»!»S*i4Cii:T**. 3*2 

»(c3aifVW"5»i (suitchingiZftoZttfX'Z&Zb 
[0003] CflfcOftJIfc^M-ifctcJioT, «m 

[0004] 

[00053 tAko{±, *HHl«A*%fc:ajlBLfe»B 

Tio-i 307 n^Tifttfciat:, fTwi: 

£3££ C i: «r < 4 h Z. t X'h 

[00063 2*:. «Hfcfiri*ltf;*>r y ?-$ii6M<o«tt 

tit. YMmmmmtLxznm*)* 
mmimx. w&nijmzmmKtx'izsk^tmz 

[00073 «tttt*i&P'h3 < fc& fc WAt*? Y)V<r> 

mmizm-hffl®tf'hz<%i®&zm8.ix}3<. m 

RAM (magnetic random access memory) ^rt'Elf^ffim 

* * y kjb t>m&m.im&x'te , «fc*«BM=tt 

ot, -enS:iS»f4|B]#t}ftmS»(eddy current) tfffll 

h . t\ mmmzi: o s; 

"SfHW-Cft*. flsRfcfcOOjlWSaH^SS (eddy c 
urrent Joss density) x p (W/m 3 ) 13 S fci^att 

<%&<r)X'hh. 

[00083 Ltztfr> X , ;<0»^<OBW»i. «tt*« 
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«2> C t vC$) & o 

[0009] 



[ooio] y N<oa»*s^{i. 0U«r ? 

y^ (Landau) b'Jy^-vV (Lifshits) Izktltf. 
[00 11] 

mi] 



dM/dl = -Y'(MXH)-(a- Y /M s )-{MX(MXH)} ...(!) 



[0012] zziz, Mttwit<? h/k mm$><o^ 

?b)VX'hh. rltis** vmSVm. (gyromagn 

etic constant), a{23HjlKj$!& (damping factor) "CS> 

im+ xMzfa^mit^? hMz- xUftcoMmz 

EMnL Villi. mt^-fhMtvp 

fimfttzti&. zcDmttmicDAiz^itz. mmizak 

r 0j frh r 1—2— 3—4-5 j WIUcdloT, mm 
mz-xUftlZWm (relaxation) LT^*.*< < . 
[00 1 3] mzatn X v )1,thMZ^<. ( 1 ) $ 

<r>w,\ mtfm.mizKc&fy£Mi, mit<? v-iwy^it 

d m/ d t Mfrt> w\ftfr ski t Uitft tc£ 1 

Hfc<rtftt-«fc*oT*0«»)*EI6jiMBB» (pr 
ecession) Srfr . 

[ 0 0 1 4 HvS vvfrj&t/s, t> aemmfihh*&£\i.. 
+ x*|*|*ftV^aMt^hiW=-x*-|6|wa»* t 9Jn 

^A^ftSSKxtti^lSg^tMU MIWfcttBHttr 
[00 1 5] tfflB«ffl[<o«fl:^^ bfrtltl 80- RJt 

ww»*»&, mtmizmm<tT<D9mi-%\\ m 

J: -3 =0r«3»eSj&«»*9*t*»J»«JI»* , BfflMil (crit 
ical damping) (DW&bWJ*: 

[00163 mm. MRkmtcK<nm%mtm^zx 

<%mZtlhrt-~?u4 (Permalloy, N i-FeM) 
Ttt . Bbf|L« IWfigfflSttStf 1 u m PW<0i: » 

fc*fc->TV*4 Ifrltrffit,, 5fe 



5 7 a y CAST'S 4> t«fflftS*ife*^ 
[0017] fflMFFJilcKfcff* *»=SrV^aWBHt$*ut 

attfrSffl^fcssT-tfe^-c. a^^tx^f >y*y 

[00 1 8] Hi coc \Z7FfZ. i It. tmVZBk LX + 
xUfaZft^tzmt*? bn, r o j (CWLSE*|6J 
<D0rT1iz]fr|6jfcU:) CAM <ifcli**ifcfflirf4 

(effective field) j ) fcWftrti. 1. 1 

vw, b/nia»*rttciim3&»fc-f . z«o 

[0019] -r%b*>. WL**9 htUMl OC^EP 
r 1-2-3-4-5 j Widfc, JJtJ'x yBf*ir@!|E 
v^^naUj^+t'lK-fb^^h^-x^rifiitc 
awKJR, -«r*>*>ai C<0*EP r4 j WRJBfcJlLfc 

o , i8o° <rm&Q&mj&zti& . £ 

fr%ffl£Rmmmi z b tfx-% h . 

[ 0 0 2 0 3 Z<m 1 OC K^t«k 3 ^bRteOiEK) 
ft^, OT. XnuV/AW • X'f yf-y^ (Swing-by 
Switching) tn&. IftlJ. ISft^^ b^* { Igfi)^l 
(driving force)c7)^T[6]t(6l(t^ni.i7)T'(±'5r< . iBKj 

mt^x-hh. 

[0021] <^(c s y^A-f • x-f y^-y^ 

mmn&nz < i > *t:j:->Tami«L. 

2tiSUfc. fr»tCfflv^H^^ii^ej)l(±, y+OT« 
«tt#<0-«B»«l*tti:Ra* (demagn 
etization field)C0^*t S^Tv^. ff«(i#iSE 
A-vn-f j?HSrig^L, fSWIK'fb (saturation magne 
tization) M s =800emu/cm 3 , — Itt^l^fi5$l 
M^Tlt (uniaxial induced magnetic anisotropy) COJS 
•ffc&JMtt (easy axis of magnetization) {ix$fti— WC 
L, M^tt^ (anisotropy field) teH K =4 0et 
Ufe. »«lia = 0 . 0 1 fc Lfc. Witt® 
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<rmt<? WMi+x;tf|6j£|6j^ Ztilz+zUmzi 
kOe 068i§£ 0.2ns OlSJrtfftEPflD L£*§£<7)aij 

COO 23] 02(Cfe^T<±. filttmra ( ns ) £k 

ffiCSE^r z fc£*>±#4 £ b tffcMMlzmf hit 
h (z<m®X'\i.. R{SJ*(±i OkOefflS) fctf>. £ 

[0024] 02 (C^-tJ; 3 fc, I&ft<? h/KO^tift 

im®m\\wztt£mm%im&*L. o. 2ns 

»ttt 16 0° fcfiifc. i dT'68«WEP3D*^< &4 

^fc*J»ltt!Ba»& 9 o • jsmefiT - xtffiOlfrfkg 
r ?ttffij K£>4 (be within range ofattracti 
ve force towards easy axis of magnetization, -x)<7) 
T, *»L$r#618 0* *|6KVt«W-JRSLTl9> 
< . ^WBl^lBijrtia^O^-f *>0 .2ns r^T L 

[0025] omit ix . ®m$m?+xumzi)Z 
mk<7 hMzMt. -xumz5 0e?>Mmzmui 
mtz®&mn%mm3iz*rt. 03 -to, mt* 

*H8T'*4. 

[0 0 26] Wfc^h/W5*|*!t0!iHr9O* 
80° i**fcStf*«W8S:, BMt*4 •yf-^MMgi: 

£*>#t § * *thm-*fth<nizmmh 
zbftx-%h. mm. > j </i?ffi& t <n^mz 

witxj v*>ymmiz£*)m$&*; 
jiyx-mwrnzMx-iu-t* * y 's*Mtfflwrca 4 . * 
£ , mwMm:&*\m<nm&z®m-th z t 

[0027] -^r®tfct&mik<7 h)V<n^MbWm<n 

— JKraftC-WCJi. S. Chi kazunri, Physics of Ferromagn 
etism, (John Wi ley S Sons, Inc. , 1964) tffij£# J #> 4 . 

[0028] wmmm<r>%mhxwAz\t, m<?> 

[00293 -mmuftw&mmmitm v*>?iz 
m ix . mzm-immt mmu^com^m^h *« 

r ffitt?SI£I¥j 9 77)^)4. 2. 2gf&£ 

tffc , f i £3 Iffl $ tlfcW&D- 0. Smith, J. Appl. Phys. 2 
9. 264(1958) fcfcwrJfK fc*§» 3*1X^4. 
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i o o 3 o j «flsawittrrtifcmv^aMfc^^ s 
itmm t sttttrm t/hs r*sgit£ iijo-r 4 £ 

t C J; -»T8MfcR<EO£fc.b&*'} ZWmiiZimth Z 
btfX't&Zbifi. WiffimZtltz (R.L. Stamps, and 
B. Hi 1 lebrands, Appl . Phys. Lett. 75, 1143(1999) ) . Ztl 

t>s ±ibwd. o.smith omxt&mt&mzmix^ 
[0031] i&^m^cx'it, mwmmzft&ww 

4**«Si£JH^ (Stt«o«-fk^«ii:fflrt<oa«i:« 

Z Ltz9m.tfh& (CH.Back.D.Weller.J.Heidmann.D.M 
aur i , D. Guar i sco , E . L . Garw i n , and H . C . Si egmann , Phys. R 
ev. Lett. 81, 3251 (1998) ) . 

[ o o 3 2 ] $t . y±9)t o ic, mt<7 YMzmm. 
ttfa<m%imm.mzni-xtt^m®\$.. mmm 

[0033] L*>L, ±IScOD.O. Smith <0fft^«f#c0 
itf4S. *JtR.L.Stamps,and B.Hil lebrandscOt&jtT'fR 

[00 34 ] JJEWC.H. Back. et.al.<0«fett. ^-fk* 

1*1 (zHDSr/^xOWVfi: i o X 1 4 i k 

L?t t cot* 4 *\ ttiaOlBiWiHS+fc: 
SV ^cSttSJ^Srli 1 h - ATM <t^o *tf $ =Sritm 
4TT'^r$ix/ctOT\ ♦H<0B»UE»<0±arC*4A 

Sv^U (Solid-State Magnetic Memory)^ri:\ HfflB<) 

^mammm^muimRix^\ z 
zizw\^ixtzm.i> . mmmikmizmmmmfocom 
mmatinfeizm%ztix^&. 
[0035] jjBmmtm&t znmtm 
i <wmt. mmmmat^z tizx mmm& 
h/wfrftzgitz&ixo iz Ltzmtmsumx- 

tiamt*? hiHzn Lxmmm.umzjvi'xmzei} 
n-th x o iz itzz t ztmt -fh t <nx-b h . 

[0036] Cl<7)^HB^2<0%BS(i, Bffi**»4>*& 

*feft<0W»*Wan^Ri: U , flHBffl*<0BMtfrr6| 
fc =t o T 2 «*fcttf W3Lh^fK0flWI*a 3 

fm^x-h^x, wmiM. *nmime>miM£ts 
[0037] z<om2(ow^za^xit. mm. mm 
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»izk&c*h. tfc. mm, mwmtmGti 
mmb ix-mmmu&zGtmmzmK z 
amtUMMttt -5 fcjEaoBMtsrrtifc x-oX2 mm 

[0038] i w»flco»3 <026TO, HWKJMWtt 

tzfrnmmjimnmtz^t. mmmmitumz 
i o r 2 ficotps^fs 3 , nn^i 
ii. ffl«8aflto»«JB«»<tss« t aaas * flaw 

[00 39] i<0»3OfKHC*V^Ttt, W*tf, KM 

m&mu&x'bi. mmzit. mm. m&m 

ttHZ-Wttm****. ZZblZk*) ZV)1jfatffflt 

s&t, mm. ffi&mmmttBvmm^m&zcr) 
mizmmmziii-&mwMitm^Kc r ). waum 
mitcomziuzymmztfiMztiz. rnxm 

j: oK-tmv&Mzm^nz i><?)X'te%\,\ mm. 

[0040] z.0)ftmw!64 cDftwit. -WBsmnis. 
tt?m&m>t>%htfiwmfcb. mmwmfc* 

««<oa«bSHj« b \mmw>mzwmizQM$h 
tz^mm^mMb^L. mmtfrmajfotz 

8MB2fW3i= J: i £#®h-t*> tot* 

[004 1 ] ^mOffcBHfcfcVVCte, tflRlf, fi??B 
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arngfitotzoaazti*. Mmiut. mm. turns. 

ixnmziitzm&**u ^mmmzizximm 
mm b wzmm t wffinmmnmtmo® $ 

**W4. «*.tf, ffi$SStt<4fftf!Sc7)8KL§ 

m&*<omzgmyjMzitt2>mwM{mfrty% t ). 
mhmm®mft<r>mizmz : ¥'fTiimzmazti$> . $ 

ztitim&ziii. teG&mmamzizx'ommm 
mb ®jmmbv®n$amzmcrmz ssnts* 

[0042] i<o?gHfl<?)m5oi6BB(4, -mm&m& 

w&<nM\m%mbmmuMz^)vxmzmnz> 

i o 1 2 mm® mmm^x-h -> x . saw 
\t. mmm>9mi)^fam^tLimmx'hhzbm 

WLb-?Z>l>cr>X'*>h. 

[0043] znmm6nsmt. -mm&mm 
m-r&m&ftfrt>%&fflm#b. m&iwwt* 

mtomc&&m t immaam &wxtniz mat h 
ishmmhmfflk'ttrtix,. mmfo<m\\xnz 
±^x2mm®md®smmm : ?x'&-ox. mm 

tZbiftWibthhnX'bh. 

[0044] znmbtmmz&^xit. mm. $m 
mmmfc-th 2mw.±.<7)®&#muz(omzimmm 
umzmtmmiitmmiBZ&ti. m 

um^-m b mwzx -> xmrnzm^mum^itt h 
wmmbfrt>%h. ftsv^i. mm. mmmmt. 
sfi-ttzm b mmm t mms-m t wmmm s ti 
tzmmnth. c?ij^{4. nmmmt. mm 
mb smtmm t m-smwa t mmncm t vmm 
mztiwmtim. ttz. mm. mmmi. m 
*tt*M b mm® b ±§mi&tt5-m t m^»mt b 

[004 53 zmpR(om7<mwz. -mm%m& 

tm<rmv8%M b xmm.-Hfo\,z) v\,x m t emt h 

£■0x2 mm® 0 msm^M^x-h -> x . mm 
&<F>wm<nm^? YMmmmm^mzn 1 

xmfecr>n%M® LX^hZb trfflUb-Th hOX'h 

[0046] z<r)W%<msmmt. a. wmtph 
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fcSflWRfflttf. ffi«ffl««0«Mfc^ hA*5*fclt:jefc 
fc«»t 4tiHRffl**>HMfc'^ h /Hc*t LTraBS*#m 

[0047] z<Dmxom9cDmiz. a . -nbmi 

It's? SfcaW3^fl£fl|«fflflc 
1-4fc»oSBB*WJn¥Si:**t, flHHifc«>BHfcfr 

{ciOf&^ft&g^l&fSliH 1 ^ B. *-/USWR4fc 

[004 8] zcomxomi o«o»wi, a. -st^m 

tt«t?#©tf>8»^» t immw.li fa & vuxmzw 
jj\«}izi.r)X 2 mmm ? mmmm^x-h -> t . 
^a&mzmizx ^m^tum^^m^b . 

B. *-;HWR*fctt««ttfiiaS«tJ: r)fl&UIRt£*? 

[0049] ioawossi lnwrn. a. -bi&Sv 
wtm%mmc%%to b mmwjjft & vuxmz en 

[0050] z<nm0* 1 2«3»wi, a . -mm* 
mmzGi-mmfrczmmmb. m£#o 

wnmimxMcxam t immufa & vixmz ep 
mhtzttxowMmm-WLbtti. mmcomt 
-HHZX-0X2 mm mm o wmm=?-x'h -> x . 
tt$8ffi<*«±. 2m&±nmmmmztitzm&mm 
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ibi-mb z b m®b i-zmsmsx-bz. 
[0051] zmm<n%i 1 3<n>%mi. a . -wa* 
#i:fjtt£irr &®&m*t>%&mmmb . tf$gaf*o 

*m£^x2mm®mm%®im?x'h^x, 

iznixm^nmmix^msmm^b. b. 

aai*<o«^isi5ri6i*KA{tjf ^at s-^rts i b mm 
bthm&mw&bh. 

[0052] cft^asuawctt, w&sttmm. m 
mxj -vi-y?m?. w±x4 mmm 

[00533 z<mmza^x. m&fttfztem&m 
<ttzzfrmizmtx&&ztihi><?)X'b&tf. mz 

[0054] cio^tj: msssm 

hmwrn.. mmwfcmwmttbizmmhzb 
mmx-bi. 

[0055] ±M<?)£ o MmZtvfcZMffltZti^X 

m.mit*%®mzm%b'cr)mcomiz±<o 
mtwsmb immwi}faiz>wAWtzmvt& zbic 

[0056] 

[ 0 0 5 7 3 04 \tZ (OBf&nn 1 <0|tat»Bfc J: *» 

ftx>f •yj-mTZTfit, zvmw 7f$w. 
jB<oaw«»i: \mmw.ijfttfmim%Wb%&wm 

[ 0 0 5 8 ] 04 fcjSf J: 3 C ^W^ftx-f >y+m? 

*KJ:oT«B»fc:aS«a*tt*^C'(kt4J:d*aE5 (ma 
gnetostri cti on ) <0± & 4,* 6 S^&OTttli 
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n 



1, s.mm2i5£vmz-m®®.mm3iztti?tin 
mmm^i. £&tixpimmiit$>. 

[00 59] smm2<7)ttmtiTii. mm. pz 

T, PLZT, LiNb0 3 , LiTa0 3 , AD P . 
KDP, ZnO&i'£ffl^£ EM#M2 

[0060] PZT/SrTi0 3 , PZT/Pt/M 
gO. PZT/C e0 2 /S i 
PLZT/SrTi0 3 , PLZT/Pt/MgO, P 
LZT/Ce0 2 /S i BaTi0 3 /SrTi0 3 , 
BaTi0 3 /Pt/MgO, BaTi0 3 /Ce0 2 
/Si 

L i N b 0 3 /A 1 2 0 3 . LiNb0 3 /SrTiO 
3 , L i Nb0 3 /Ce0 2 /Si 

L i Ta0 3 /A 1 2 0 3 , L i Ta0 3 /SrTiO 
3 s L i Ta0 3 /C eO z /S i 

Z n O/A l 2 0 3 , Zn O/A l 2 0 3 /Si 

[006 1] 1. #±I+Fe. Co, Ni<9£# 
TbFe 2 , Tb„Fe 30< Tb 2 Fe„, Tb (Co 
Fe) 2 .TblNiFelj . SmFe, ErF 
e 2 . SmFe 3 %t\ Ztltottt&<r>mtWm£* 

[0062] 2. &£Wi+ F e , Co, N i CD%£ 
Fe 70 Pd 30 , Fe 50 Rh 50 , Co-Pdii;, Clix^ 

[0063] 3 . mm 

Co7i7^fF, Ni7x70, Ba7i7^,f 

118*. £ft6lii»itttfcWi*a<, »flr«0ft*#** 
It. 

[00 64] 4. *<7)m. Fe. Co, Ni, Mn&fc* 
[0065] Fe 49 Co,9V 2 , Co-Ni, Fe-A 

i , Mn-Bi&i\ ztiumitm <oi>imtfm 
[0066] znwttxj y i-mmmzimo- 

PlWSt. Em»=il2i:LTlf$2 00nmcOLi 
Nb0 3 Jf£ffiV>, E*tt8«ttS«3fcLTW3 2 0 
nmfOFe-Rh^MIU, ^n^>5rllg5 0 0 n 

m <?mwAz am uc *> •& . 

[ 0 0 6 7 ] fcfc, £0>BKtM yf-JR^Mfftov^ 

■cbkh-*-*. H4 t^-r«t a {=, «si i tnmzm 
mt-imnwasamim 3 1 nmzmmm&m 1 , 
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%Mt%h J: 3 3rl6fl8lie«StS2ftt (stress-induced 
magneticanisotropy ) ££ti>. .1 5 L"C4 tfcltiE 
E&^S^ftt (perpendicular anisotropy) (il&ffc/^? r* 

m»mmimt txm-i. xv<yw ■ x 

[0 0 68] ( 1 ) #fcl2iB3*l&»9. Wtt^tYfr 
<mm$- (MXH) icttfiW"*. WaPoT. tWD 

awoBWttfk*? b;Ko z wwiEX'btiti. m 5 tc* 

txfrt>, mthxwmzg.tfh ztizttt. ucw-o 
t, mmx&zmjiizm^&a&izi^ meant 

mxhh. ztizmmi-&tzMz\±. h^tabmmm 
^x.xa<irmmh. xwssmxnx'&.x- 

[0069] mtti? h/ummco^vm < 0 5 n* t 
=t 3 co«.®) <Di&<izhhmzm)mfre><?)W±t: 

[0070] ClitSUc, S^*/c(iJ£^(cJ:oTlS 

3|KBajKA!Wtt:ajaLfc»B¥ 11-200840-f 
— ^'|fi]^S^<?50N/OFF^rV'>L 

m (giosgo*»ffi»*») WiiikJci-jTtt, « 
mm-h ->tz. ±§&<r)<ftm 1 1 - 2 0 0 8 4 o-»e 

BfRSilfciiftl^fcioT, 0' , 90' , 180 
• . 27 0' 04^T|pJ{C®^^ viviHth^mim 

h^mx-hh. u>>l&*^, t'*>bcom£i>9o - -r 

l>^, 4Qll*t^OE^*tt (magnetic anisotropy 
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with 4-fold symmetry) Zm&tSt^O. *ffl&»± 

WiXVOf'W ■ XA •yfy/ii.ft 9 0' 
WHSST't 0 * fcl80* twraoX'f •yf-^fcjftft 

■thztifix%h. z<nmt.x\ xviwu xa 

[0071 ] J3LL<0 J: 3 £. £ <r>% 1 COHSBBJBIC Ail 

tf. ffm^i 2 t*EE*v wxwtaair*-* ; 1 1 x o 

* y^AM • xa vi-yfzftocr,?. &&mmim 

<? v )v<mm-mzmfbtih zt%<. mmx-x i 
owa • xa v+vyzftozbWX'th. 
[0072] act. z<n^<m2<nmem£.i im 

itxA »f*?teo^-CR«t*. 
[0073] i<OS52<Oiaigg»fc:i:4»fbX^ yf* 

[0074] 1 . fi8S«$£f^>&R. 
Fe-Rh. Mn-Rh. Cr-S&£. 

[ 0 0 7 5 ] 2 . ft&ttBtE&SflrOStfbft 
La,., Sr, MnQ 3 . Pr,., Ca, Mn0 3 . N 
d,., Sr, Mn0 3 &fc'<7)M n^WX/iA b . Z 

[0076] JJBWtmSrffl^T, JC*=SrV^S»<Oft 

4t i -> t m i ommmiz x&mitxAv hh=f t n 
mmitrnz^tz-tmrnzmmimztte. * 

x-hh. 

[0077] z<F>w.2<nmw&m<<z £tM % m i cornn 
mmt m*m£&m z t #x°* h . 
[0078] m6\tz<^w<nm3<7>mmmziikm. 
itxA v+m-iJKt. z<?>w.{txA vtm^M. ffirt 
<mfc®m<r&wzjLmmm^<r>x'hh. 

[0079] 06 fcjjttJ: 5 fc. £<0fS3Ol8IS»JBfc: 

C J: ^T«^*fe&»fc:JWtr6S*«5B^aW 
1 1 £ttMfflKttl£: ITfflW £a£*tt88tt8IR 
1 1 1 CJttcS»*4i*ffi***»4>*42*ft*l 1 
2t#'«l$iVO^. £ft^£*«S«ttSRl 1 
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mx'mtcmmwtt.t\m% tm&mmi z t 
a*?**, mm, ®®zmiz£L>-£&zt<mmz 

Ol->T. A.V.Pohm.J.M. Anderson, R.S. Beech, and J.M.D 
aughton klzi. S^ft^^^Journalof Applied Physic 
s. Vb 1 . 85. 4771 ( 1999) S flTV > 4 . 
[0080] MAft-5-Jf 1 2 t LTti. **lgft*<1EE 
J0a?S»££t*PZT\ LiNb0 3 . LiTaO 
3 . ADP. KDP. ZnOtcZZWi^hZbWX'* 

{mztx&x^zmi&ztLtz. si. Mgo. Aij o 

[0081 ] OStf>l6*t«a**:S &ffl£ftoMASM 
ttSffi 1 1 Otffii: LTJi. 1 («STflfit t 

[0082] ^i&ftx-f 7 f^^s^ttasattifH 
*<m%^wmzz. ^xmttm%-o®5sMn'&tt 

■thZtWX'Zhko^ 0. 2A«mX0. 05um<r, 
*fr#fcU WS*2 0nmKLA:Fe-RhaW*J>N 
iSR^t'T'*!.. 

[0083] ^<0B8l^X>f "/j-mTlz&^Xli. mi 

aio5R0ffi**5*«8Bffi«i!l nc^iSfc. MA 

[0084] i<0iS*Sli8K«il*tt*«ft^^ h/l^) 
1-20 0 84 O^X-tX'iZWr^tLtztCOX'hl. * 

tiizm&z?>micom%mm. ( i > -^t-s^d 

ifiX'ZhZt t. ( 2 ) -f y^^M • ^^f yf-y^ 

•c«c*»»j8a»w^rtttfflv^ 1 1 8 o • matufix- 

f ijffl-r s c t *<t*# s z t x-h h . 
[oo85] htvtwit&mktf&kizmm. 

a«S5W6. Ltztf->X. ZVXotcffiMtmii&tz 

Mzwz<?)%?mi} t %£%mmfrwti& x o mm 
ixMkmnmmi. zmtzn. s^#4«i 2 

«tdC-Til«fJ:v\ 

[ 0 0 8 6 ] J: i)ft«cWCtt. 0"J^{fSAOtt4tffl^ 

tMA-nzmi 2iz&mzit&mm (^m-f) <?>m. 
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temvm zm&z t tz* o mzmtft-tz z t tfx- 

[0087] iO»3<0H*BKBfc:J:<ttf . JR 1 <0HiS 
[0088] H7 (4C<o»H<0»4 coHiKSSIt J: SfflS 

Sffffl (exchange interaction) fc,J:SlBtWj£*IJfflt~ 

[00893 07 IZijktX 0 fc. ;<0«Mk*-f 
tt. B9£WUI2 1 kflHHaflck LTOlM«nH£JI2 
2k*t+IB12 3^l,T««S<lfe«3S*W1-4. - 

izimn-mmm<. z(nxms.m<misii. m 
mmnffifsmm. zwrnx-n^m 2 3 com* t «* ->x 

[0090] webmum 2 1 frbesm&stim lx 
mrnmm 2 2 <mfam<wmz+& tzwzm v * 

HJKAAfJttaifflLfcWWF 10-18525 5#fctt 
[00 9 1 3 «12 3 

£j^m,zbhm<m&4*v£tz\mm;t<?m\iz^ 

ff. ^4*>%iU€WW2 1 tWJfflHKtt«2 2 
[00 923 C<3BttlttfflSfMl«>*& S^SESifcftd 

<o*Yur*wi. ««uHjK (iffEpap, mmx^ 
t- > £Mimm%t'mmm££')X%izztff 
x-zh. Ltz^x. tmwmmmmzs-z.hzt 
x\ ±Tvmmn®sm££z%itz-ez>z\ttfX'$ 
*. *zx\ «itf. B£flM«2 l&jtniffMatt 

12 2 ifcttfftfefcliJHtClWtfcMfcJ: 0*19*2 

t ic <t o . mmmm 2 2<rmw v>vim, 
z*kh£o%mii)*»SLtmthzttfX'$h. 
1 0 0 9 3 ] wc. ¥a#«*tf"f «n»mtt^ < cii. 
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14. iTWOttfl^HMbWT (SSSSttW) fcJtv^H- 

& nmrnx-mm-tz z t & ^mtm 

[00943 fflBVI 2 3tfmfMrc&&«& 

£INW-*hv*rt*^cJ:^T«Wr§;ris. 
*tit>titmzmnzmm*t>mEiffliaLx. mmm 

%®m2 1 tmmmM2 2 tm^tm^fise. 

ttti. Zlx*WMWW^2 2<mftJjfa*mkZik 

mmiitt&zttfX'Z&. 

[ 0 0 9 5 3 =5rfc, *ffll 2 3 1 LTffiStflOSm*® 

z-tht, KUfr^comM'hZKimmmzX'ix . 
±^tphy^)m^<nmt^mz^ztifx'^. *<m 

[00963 *ia«2 3*Wt*WfC*4*^. 
^Ktt^JR^ & S V i> R K K Yffi 

-mmmmzh 0 , zt&KLxwmmzwmm 
G*'&hzttfX'%&. i>r>kt>* mnmt* \ 0 rm 
< ii*oimm$i>M\ wx\ tmibtztsm *oiz 
nmmizx ->x*\ y Tm%izzt\i®%x-% 

%tft> . ttmffimxxtz ztizi^x. tos^ 
ws&i&itfi z t h . 

[00 97 3 $*?alM2 3 t U"CC r/F e -A 

g<7)«BHt£fflV\ dOCr/Fe-Agc7)««litCl| 
ateflHfrtft i t T. HOTtl 2 1 fc KSi]«14« 2 

2knm<?>®smis£mzttfX'Z&. zaxsicm 
mx-mmtiz-fcmi. ^mmzx^xmft&j&m 

[00983 *S«2 3*«a-&*tfl*»fe=SrSJBT*S* 

mmmxittcK. m^nm . m«2u» 
$«ttii 2 2 1 corao^w^-^^sijffl-t s 2 

[00 993 fti*WtJ4, *HJI 2 3 1 LT. mm. 
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^hztifix-th. wmbtx^t. mm. Fe. c 
o, n i%b'cDim&&m&wi*tit>m®&&mx' 

ttltUTtt, Ti, V s Mn, Cu, Zr, Nb, M 
o, Ru, Rh, Pd. As. Hf , Ta.W N Re, 
lr, Pt, Aufcif, Hi^ifcOAltefflniii:* 

[0 100] £tz. *m23tLTli. ±McoXot£ 

mmmm^tf. a g&t'a^&&#B&ttft<7)i*iauc 

2 1 1 mrnmrn 2 2 1 aro^ce-at s zbb% 
1 0 1 0 1 j z<ot mtmm^fflnmsmti&ii 

«tt : P^»att+ISM2 3<0*£\ *«±Tt= 

R»ttiutffl?aK<ti2 1 &»mvnsttJi2 2 tcoiaio 

#LTfcO. +BI*2 3t:aai4fl3St:«J:-jT-7^D^ 

[ 0 1 0 2 ] tea. zcr)£ 0 ^mn^wmmn. mm 
mm<o-mmtiTm^&zbi>?%&, mm. ±ie 
izcrmtmnmbLxmtifzFe-Agmi.. n 

CO 1 03] ifc. 4>ISUl2 3t, Bttflcfc*lrt&» 

Rifc&WC* « t V fflMZb'tm? h Z b 

[ 0 1 0 4 3 =5r*3. Bfxtt**ff*4*£tm0>£>$:4 
+012 3<nW%<r>kmtmzffi&frh\><nX'\$ts:^ 

ft. mm<r)m&7a-tx%b'z%m-&b. z?>*m 

2 3 com $ (i 1 ju mSJSOT 1 1 5 Z ktfSktU*. 
C0105J «fia«2 3*»«ifli<oatt«c*»4>**«^. 

*MWift3fi<o««!ifc:*4 7 x V Uttttk , HSMT"? 
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&*>*>ll5£le&<fbJI2 1 bmiWBMffl2 2b<mm& 

tm&>£M£xmtt z b h^mx-hh. 
[01063 mz. z<7)&4mimmtz£ hww 
•v *m?commmv>-miz^xmw-t& . zzx- 
n . 4>ni 2 3 mmmx-h h ®&izi\ *xwtt 
h. 

[0 1 07 3 t-T. milftfy ZgWLklzmittW-y 

9 y yf&izx |)*«*wjc o - p t atei <*aj»5 
i) fcj;t/co«^[i^ii<bii2 i b ixmxtmt 
&. zzx-. mm. *«*wjco-pt«tti«ows 

lilOOnm. ColOlf$(il OOnrattS. 
[0 1 083 mz. ffi&S&M 2 1 ^ 
>J>-?mt,Z£r ) Cr/Fe-Ag§>mmt:*fflm24b 

ixmmi. mmziz. Fe-Agtf^ • ^~ 

y«y h ( 1 5 * COMMA g«6ft£ F e ^-y-y 
h±.tZ&Kt:i>0)) b Cr f-y-y hWZoS^CX 

KSltt&idtLT. Cr/Fe-Ag»SS 
TiSSLfc. ZtlftlOm&t. CrUtiO. 9nm, 
Fe-Ag§Bl. 5nmT\ 7x7-f b?SIS±fcF e 
-AgK*»4,«ia*BI»ftL. 16^»Jt^itaLTF 
e - A g»**-»±t«r A X o t»7 Lfc. -ft't^ 
«lC0Cr/Fe-Ag^flK(S, mSg^sSh. 

mzn . z co^m 2 4 ishMtstf 

btihi.0 iz. XTItllMM>i:W^ Ht»SW 

6. 

[0 1 09 3 Sfefc. «WBJl2 3±fc. 4»BW2 3*»4> 
[01103 feWS^JBiCMifcr^^-y 9V> 

mizx *) n i - f e jgsrieis afrT-fciwiifflwttJi 
22b Lxwatti . mmwmmmz x -^tw 

kemdltn i -f e mtzxmmtzmsmz&o-m 
wsmtmtvmit:. 

[oiiu z<m. m\w®&®2 lunzm^mm 

*~?*?b Lxmmwm2 2 . +^«2 3axt/m 
£S*fttl2 iiVy^^.yi-yyi l zx r )m<X^y^yy 

a. zo^f-y-im. ^b*Q>&>j7h*y • ro-tx 

[01123 zcom. mmzzm^xm&izxxUftHz 
2koecom^mnL. nmijco-ptm&mts 
xrsc oM<mfctito&-xiTto£mtt:. 
[01 1 33 w±<r>x.oizi,x. mt-thw&4~/ 

[01143 zcom4cr,mmmmit. i&nmmzv 
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*>. SEWISf|!JB«x*;l^r-E. I ttJtjE4fcl4*«) 

sti: ue 6I = J'cos (e-dt xnmzmvi 

k LX E a =-K u - cos* (0-0. ) oJ:3fafc 

th/MUffin. 0, swfeWcMirmXc^YfWi-ti 
OA. 0 e tt«ftSSWo*tiftT*&. T&A-yf* 
A xa v+yyx'limWrh&Wti? hMzmizft 
<tat&frt>* 0-0, tmte-a, li90° fcifi^ 

ffifc=S:4. Uztf-oX, x*/^-<O43EdE/d0fc 
J:^T4;i£ft4®lt^? Wl^Ob/^te, E fl =- 
K u .cos' (0-0, ) <oaWW*ttWffl<0*&t 

-u. ssmss^mmm-riE^j ■ co 

s (0-0 f ) fbfcfcifilrVX*/Mf-$3ffi 
d E/d $ fcf ijfflt* £ k 40*«T' 

J>4 . 

[0 115] Z<?)%4 OmLBBlZXtM. mi<7)9ffi 
BBk &mffl&*#& Z k tfX'% 4 . 
[0 116] H8ttiOJHB<?MB5<0SQB»JBfcJ:iM 

[0 1 1 7] H8(C^-r<J:'5(C, i<OMRAMttJUT 

hum (v-vm 3 lfciwutt (f.yhi) 32 

*U0iE)tflfiMWfi£«JB r 0 j ifctt r i j t*ffc$ 
T 2 d t COT* 4 . 

[0 1 1 8] tfcfccOMRAMT'li, i<0Wt*l*I*R(E 

Kb-sffismzm^x^h. «s* { ont 

X'hh, 

[0 1 1 9] «1. fiI«2a*U^mW^^J 

w^m<mmmw&mk Lxmw znw®. 

M^"tt (shape anisotropy) IzX ->X— W&t&Mfi'&S: 

9 YMZftUVZl 3 5' W^rflfc^JfcOlfcBflniLT 
»ftRlK*W»t&«^* t 0^. JK-fW=^Ll80* CO 

#ftg£&-fiEfite. IWB*£**>*JLT'i*fiJTa!> 

iitsWED^n-c^*. zcD&oizmmiziiixmWiZ 
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ti&m^izti^xij. fflwwzbtzmtoii. m&<-? 
h)imm*sixmK&m&tfmkti . 
[0120] £aj:3tfaNMaMRAM£«aMrt 

Sfcfcfc. I28{z^tf"j; d^SfiT^^ -f y?rtA ■ X 

K*»fe*&iEi«a*3 3<oBWbss«it«E«<oiai. -r 

&;b*>lSIS3 1 JsJ:tf«rtg3 2 k mi4 5 • £3rf;fr|«i] 
£;ri£^Etfc^cO£|£»8j^ iettffl*3 3 

hZolz&WttMX^. 

[0121] fcrtfU ifOH^lWi. BMLKSkK® 
■t 4 «B<0»*<0-<0flK>T ffli*Bl^t»R-r 4' WX 

nmz£&m&mmmx'bz,&mmi . sauuar 
oil o t-£> 4 . ifs Mmn-uow&tzvtfOi tm 

8 (iM£o£ fm^cDmzit^X'hZ \> He t a> 
frb$>?. K«Si«c3 3<oaftS««ifc:»UT4 5* 4 

13 5- {=*< . cwftflEwat^ij: oav^wa 
ssiiLhmraEPjD8ii4t, sa^aaiaita-oT 

<aa^4^T«IS1ifflf|c3 3«lS-fb* J -*^{c}ii.'bii 

xiio^mm { hK). mmMKpmz&x-tfX'Z%<% 
htiztitfhhfr^x-hh. 

[0122] iBiiffi*3 3 mmmmmmm 
mtrnmurnkKehi. ozmmn&zwztt^ 

a* { 0. 2 5jumx 0. 1 um. mZtfl 0 nm<7)N i 
8oFe2o-£&iSJBiT"&4. 

[0123] iOffi5O9ai0B!ISfc:J:fUf. ^lcoHIS 
BBk iJj*(^t#4 i i: 4 k tc «k 0 , iSS 
SMPTtE'Sr MRAMS: H^^4 i t * 5 T't= 4 . 

[0124] @ 9 ttd 6OT|gfiB®fc±4B 

[0 12 5] x*7 4V?>M ■ XA "/*v7Zmmnz 

^. J:0flf*W(C(i, Ktt?»ftS<7)6aft?l-ft (saturation 
magnetization) s (magnetostriction) N 5&S\P 
^"14 (magnetic anisotropy), Ea-fb^WfO^TF"] (dire 
ction of easy axis of magnetization with respect t 
o the device structure) Ztlftl&flfc&X' 

®mzmm<r>mzft^>£ o iz-t& zkit. timnm&cD 

MtRtzWz i o X {iM»T'S> 4 . 

[0126] wm^w^^m^^m^mm^ 
zkizx^x. m : mft±m-$ztizwsm&t:miL-? 
hzktfx-zh. mm, mfcttombhtiihWi 
mm®s*mimt:£. t m&x'hz>mmtf± * %mz& 
immmk. mmif&<vmi) { *z<m.w%wm 
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■thZbtfX'Zh. 

[0127] zzx\ zn&6<?mimmzxt>mfcz 
s»ft4«4 1 . mmmm^m4 2, M^tt#4Ji4 

wm&m 4 2t mms-m 4 3 1 o 2 icosaMb* 5 ^ 

iSttWtiif-5T (ferromagnetically aligned)t/tO<7) 

[0 1 283 aM«a^C*^aMfl#tt£ttfc'& 
-;1->7<7)mZ£'$&tMifrt)X'% 

tse8W-64^c«>wrr**. n#ttft4Ji4 3{i^ 

[0 1 293 E*tt4Jl4 1 ti. gS3<y)IUfi»iifcfc«t 

imA-tts-mi 2tmm%m*z-r&i><?)X'$> Y ). zti 
5<r)£mmtzm&#m2 3b®®%®$z?n> 

VX'hh. 

[0 1 303 ZWmitXj E«ft 
1 2*»fe»t*a*WEft't*i:« 
S<D*£&S*®!g«8ttJI4 2<&HHfcfrl««HW*. 

ft4Ji4 lt«LT»«S*i*ttMlW»tt«tt. 

4 2 b , Wb«!B<0flM$ • Stt*l»»t6fc»fc«SlS* 
tt£ff-W**rttft4*4 3 

[01313 M^it®jsttJi4 2<r>wmxmi. 

ft*«4 1*»6***S»t5B«k3Bfl:L. **ifc*S 
£LfcJI2ftttt4«4 3<o8Mtfc0«<OKIMj£Wt 
6. * LT . < Srftif . »*ttf+4*4 4 ** 

WBFSr**tt*«->rv^<0'C. £*ttiSaittJl4 20 

[ 0 1 3 2 3 «£WHfflffll!<oa*W* W4 1 . M 
gO ( 1 1 0 ) S*Ltfcj££LfcE3 1 0 nm«F e 

(211) WRkKffB&S-mA 3 fc U *«±fcW8 
2 5nmON iJl£tt«U £*tt!S»ttfl4 2 t^T 

C7)N i /F e 8Wfls£ttfcMrt4 . 
[0 1 333 iOWfcX-r •> f*Ft*iV^H, 

wa^«aw«aett«t*tL, T»<os*ft^»4i*»fe 

t , JJVaBCBftl 4 5 *>ii>*g£0J»fl4 4 £ 
(exchange coupling) bffte&KZtl, 
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4. 2o«;Uj>WlSfcONO*£fc:R»)jE8-f 
[0 1 343 A^^/AW • v*>*Tfct. m\ 

b tfmmx-h hzb ittvtm o s ta^/cii o 
[01353 zvmtM 'y^m^mmmma 

flfSt. S*ft4«4 lfcLTWSl SOnmWLi 
N b 0 3 UK, M*«lS6&tt«4 2 1 LTi¥§ 2 0 n m 
OF e-Rh^S> H;*tttt4S4 3 i: LTW*«t>« 
«T^-iBS»W*tt*»fc*feWS 1 0 nm(7)N i 80 F 

e t0 -^Hi. £40jsjii4 4t Lxm4cr>mimmx' 
mfKi>cr>bm%i><?>, ®%m.m4 5btxcmtf 

[0136] £^86 iOSSifiBBfcJfitf, 31 1 OUSfe 
JW&&kV3&z Lfctf->tcmHM&X'1h &Zblz£ 

xftm%i>cr>x'b&. 

[01371S1 o\iz<n>m\<n&7<nmmmz£z> 

1 0 1 3 8 3 4 v?*<\ ■ x4 'y+yyx'ii. Mit 
ffli<7)j&mX'®.it*? htWIitii&Mtzltt LTStt=5r 
WMtttwth b , 3<X7cW^iES* { #aWtJ) 

W?T b - F e ^KsSr^^SEWfclKS^tfflBtjW 

[01393 zzx\ zcomicommmizn^xit. 
m i o o iz. mm-cmwtzmtiM* ( + 

z) S/diT[6]# (-z) wBHfc#fl«:fc&SlS»fl« 
*«M«»tt«5 1 b U i*iC»LBfl*ly*m<0SBifl: 
^^oH^iK-fkl 5 2 5 3 fe^ IX&SZ 

-Wfc &»J»ISttS5 1 #»tS£»fBEftmi£ 
«tt^kL-C«i»l««ttJi5 l^b^h^SrxzB 
rtfUWES Hi:* i 4: j^T* 4. 
[ 0 1 4 0 ] *Jt. x«r[6]£fiML£JI«!fc Lff«IB"C 

z*rfdt«fts<ifcai»fl«*ajaKftB 5 2 1 u 

^ixt^$H±TWJfflHStt«5 l^Wft^ hyl/Srx 

[01413 hi^\t, xmjmim^mktiWL 
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> 



BWtfc SlEflMUl £ ttMWBttl 5 1 CIS^S-e-& £ b 

u xziBp«j(ioig«*«^as<i6^i»tt4. 

[ 0 1 4 2 ] Sfcfc. Sttfrfl»EaRjB«JR»5rtt£ 

[01433 JiLh^J: 3 1. ( 1 ) ttMflttttJlaS* 
^ttStfttftt£jg*>*i<Oi: l/C, ( 2 ) 

zbtfxzt. 

[oi44] mw -y m^ffi&nmmzmih 

b. t»litllffil5 lblXCo (0. 38nm)/P 

t (o. 6 2nm) ziommmuzmmm.m 
imttM 5 2 1 1 x c mrnrvn-ufi izem 

2 5nm*>Co»!L ^^JffllJI5 3 1 LTm4W*Sfi 
[ 0 1 4 5 3 . tS^M«P« 5 3 £*iJflH*~f ftb 
*#«rW**»oTV*J:3«rim, WitfTb-Fe 

[0 1 463 i«0*7coiatJK!i{c iWf . S3 1 ^Ute 
J« Httftf Z b *<T'# l> . 

[0 1473 011 tt£«»B*3»8<05(8fiKBfc J: i 

[0 1 483 m\t*7 hMznt&mhJjMi. utm 

WfeW,ftMfrh<r)-£.WkJU7X (exchange biasing) (± 

mmw.fccoNm$:m£-?x-j}mzmm?z><?>x\ -n 
m<vftmbmi&. ztuzni. mumjim£®& 

if, (£«o*a-z:frm> (cN»&«gi#»eMi 

JWttBfcffiSrt-* . 8tt<? h/l^. f'fttMW 
X'hti%<nfo*\mfr-f. b fcjKWWMM*C»->fc 

[ 0 1 4 9 3 ST . BMfc*7 WW, * *lfc*f LTSE 
( 1 ) ^+<0h/l/?MXH#0fc&oT, i'^&fcN 
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-r ■ x-f v*>7XimZtLZi8mmcr>m; 

CD® £ i>^5£T'& & Z b zmt-tt. 

[01503 #f*>iwbk ®t>gmmzti%^mz 
&t. ttz, miffi&<?>m^£.*>±.tf*)Z® ttuhiz 

X'tit. 

[01513 zomx\ mmmffim*? vivtm 
itm^mb^zm.^. w>& o 1=?- si^ii, -tx°iz 
m i &£vm3<mi&Bmzt5^xzti?ti<7)t$r&tzw 
Lxrnitc. ifri%tft>. zcr>m8commBiz£ti 
(f, mmffimmmtzbiz£->x. mtoxouzz 
t>izv\M&m\>w&mtntz t s . 

[0 1 523 ttth-h. mi 1 IZK-tX 3fc, .KOBfl: 
?f*PHU g^ft-S-16 1 , £*ttS»Ktt*6>6 
&*ttiM9ffi8ttJ| 6 2 , grttffcfrl 6 3tiXt/mJjm 

5-mbLxcr>wm.\mb4t>K mmmztitzmm 

[0 1 5 3 3 S#tt5-*6 1 i: LTti. Wx«'m3*>J: 
tm 6 <^6(t»JBT*H'fc t><02: fflV \* Z b t . 

mmmme 2 1 ltji. mtumi , ^3fcit/^ 

«^fl6 3tLT{i, 0tJ-itf^4. S6tiJ:t^»7<0|? 
6 4 b LTfi, Wttf»7tf)||itJBRS-CJ!«ffc*liaft 
[0 1 54 3 <r<o®ft;W -yf-s^fc^TJi, KMo 

It, z*|ft|K4t*»ft»S«HcJ:->TlB»Sii6. & 

«ffl-e<o-5-^b«. tt&mm6 3£itix&<%a 

Ltzm^M-itMe 4f)>^C0^.WU TX (exchange bia 
sing) fcioT^TifoSfcSfcJfVvto*. ZolX 

fi&zm® uz&frifx'. mm®?) y>v? m xh» 

[0 1 5 53 B£ttfcfl 6 4 i:ffi$iJI»aEtt® 6 2 b<T>% 
2fc3S<*g-&$^, f?tt®T'«x«i*^^>±|*l§^2 

[ o 1 5 6 3 £o x o ^n&mimmfscDtz^zm^ 

■f, iiiF«j8flarc*->T«>J:v^. ^^c, iOHSWK: 

mmzm^tz^z. mit%m*>&^i®%Lfz 
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[oi 5 7 j ±Miomtm<miz^xmmtzmmt 
[01583 mmmzmmmmzn ^wwrn 
m m<?>±*g.m%ix^& x o izt&tzmzm* 

[0159] . mmm.mi±K p (perpendicula 
r anisotropy constant) ift^fflifiglZhi^X . ffl.lt< 

-E(*)tt, 

E (0) = v • ( 2*M S 2 -K„ ) 'Sin! 0 
T'(b$. ^uCv (i&ttH J£?)ft«T*> S. ( 2 M 3 
2 -K p ) *^^(fS/JNX^^-^^(21(±0 = 
owffi^rsjt^o, (2ttm 3 2 -k p ) #ftfc4>ar 

[01603 mftw.im<7)mit<? hMt. msmn± 

U ktitf/pyvygft TJ2:*g*fSJ£) T**. j^S 

<m%m<r>mrm£ o izm t s £ t & . k 

kT = v • (2*M S 2 -K p ) • s i n 2 0 aai 
X'foh. Itztf-oX. 

* KSt =s i n-i { [kT/v • (2arM s 2 - 
K p ) ] i/ 2 I 

[01613 SB«»S*ttK p «SJfi2rf, 
2 fctt^Tas8-C&*J:3fcNi 8 ,Fe l0 ^*Hfci 
-5T£«*SS*fiWt6fcs SJK30 0KT\ ttftS 
S!8J«M, =10« (G)«Ni-Fe^1tl0 
0nmX50nmXl 0 nrn^A*^— y{coVvC, ?8M 
L>&l,z£Z>Wy\0>mtt.ftteO. 8 3" fc&i>. /t*- 
V0rtmifi5 0nmX25nmX5 n mlZ'^Z < tc^X 
i<0jgn^<i2. 4° $r<0?. 5' t-ffe-Wttf+ 

[ o 1 6 2 1 k p <wm\mx'bh± b%m\ 

K p tf±$teMMtM*&GZltlZbifiC*&. 2 

( exchange energy) E e . WfO^Cfrfatiii -3 
[0 1 633 E ei = J ei • cos (0! -0 2 ) 

zziz. j„ii2Jna<osauaR. 01 t0 2 

[0 1 643 t£6T\ J ei #W>T*#^*-&lC(20 
, t0 2 te(JfcA,fc'-gtU ?Wteibli:fcx*/Mf-U; 
HyE (0) = v • (2?rM s 2 -Kp ) • s i n 2 0 
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nwivmwmfiznz. 0 nz%~>x it ocox\ x 
*)vx-<7>m'Hmfttttimmi}ftizmt>tiz> . 

[0 1 6 5 3 J„£M#>&Zbte. -O<rmwmco^ 

m+hzb#T*h. mm. Mm$w.t&&iz®Mz 
SMW-iiat. -^mmmxtxmmmit^ 

hZbfcX r>X hmSL-th Z b IfiX't h . 

[01663 WLmm 6 4 tcti . wsmKm-x* % 
*m. witfcttjWrt^-^ifljtEifiiLJtcoaij 

*M*fci»;5;h.fc < ^RSSHitttt ( N i M n s F e 
Mn, N i O&fc*) *m^hZbti l X'%h. 

[01673 z<rmm^s<nmsim^iiix\i, a 1 
commmm t mm^mm z b vx-z * . 

[01 683 01 2\tZ<m^<r>W,^(rmmWizXh 
^m-^tnh^ >j &ub fc-juyfikiz j: t y -t 

[0 1 69 3 (Hall effect) tfflfflLT«M 

ifiWfflKtfirifilS' r 0 j ttM r 1 j OfflllCttJ63£« 

[0 1 70 3 01 2l / z9jk-f±olz. ZCM&fflmilZ 

h^xit. m.7 i±iz£ftbixntm#tt-f2>®. 

f*?7 2tt**y-fe;w£aw«-4. a«7 i±t(i. 
z<m\w v+m?7 2**<bbt&+w*?-> 
wznmw ->i-m=F7 2b®Mixmtftztix^ 

&. Zco+^m^^-y<7)i-h-1}^^-yii, T 
m&7 3 tlfi^®7 4 fc±SE«7 5 k*«l«<WM§ 

mi 6 bw&i 7btfmmmztifi:wmiiii-h. 

[01713 »^ **P7 20ft±l{i?$att* 

<oaimaMiJi^fe*4«M»«tt«7 2 at* 

flTV^. £W«Ei6lJfflUl1tJi7 2a(i*-;l/^SrSRffl 

1-5 i><nx'$> h. zcDmmmm.&m7 2ate. ztibm 
mwcmcom mm. mi)Z5-z.&E.nm*?. 
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mmmmmm i ixmrnutmrn^zho*. 
m 7 commmmiz x i m& a •? +m=F t h cox- 
h&. TSi5ieii7 3«i, w«fyfif 

[0172] mmtimm-)j&n*z%*->i>m?MmM 

0J«1tS7 2atL-C{i. MlliCo (0. 3 8 n 

m)/pt (o. 62nm) i owmm ttzzmm 
mmzm^&zttfxzz. 
[0173] ^s&mfsiigKt^vai, mt*4 ••/ 
^m=F i2<r>m kr »* htvrzmk 1 6 <nm&mm- 
a, a -mzmmzmt&t. tcows&nxvimifflm 

h 1 1 mmc^^-fvmsm'&m- b , b ■ ia t* 

mttxA ***T7 2frt>%z>*^)*)v<mmm.*- 

tti'i'Z kJ&*T# h . H^fi&fk (spontaneous magnet izat 
ion)£8o?$lKtt# (ferromagnet)ti, *<0ttfli(CifcW 
LJt»W*#^HISrft-5a**-^SMI (anomalous Ha 
ll effect) ^-t<DX\ ±$ UI#£f»40>t 

nmsxhh. 

[ 0 1 7 4 3 *-n4MaFFkWH^«i. w*. 
{^rtfc«^m*»-PjWi|fiPatt«<0*^(Cli. Hybr 
id Hall effect device (Mark Johnson, B.Bennet, M.Ya 
ng.M. Miller.and B.Shanabrook, Appl.Phys.Lett.71.9 
74(1997) ) ttiH £ k #T'# h . -f . IS«ffl*T* 

[0175] ULbO) J: 3 t, £^JB9tf>iaifl!»fc ifl 

^ESr^a-fl»;i:* { T-#l». ifc. SMfflWttJB 7 2 
ak*wl^k£fcJll/a^<9T\ #F£Kwf»ft 

mtt.&zvm&c?>to±.z®hz:bfrX'$&. 

[ 0 1 7 6 J 0 1 3HZC0%,W<?>m 1 0 <T)%WimiiZi. 

•v+m^frbKhXVJ&VtWm&m (magneto- 
resistance effect) IZkhX^ D -te/UOffifgf^ai L 5 ? 

[ 0 l 7 7 ] 0 1 3 t*t<k ^ t . £*>8»liett§SBt 
4jWt<H*«S*i'0>4. E*fMte 1 WTBStttTW 

Mt, E.m,tofa8ifre><omx.z%vxwmztiz>. & 
mimm s 2 1 wzmm s 4 k a^g^fus s 3 



[0178] TSffmffi8 5\tXilXA -yf-fccfc^lMSr 

tt«8 2 1 8 4 1 <7)Rnzte&j}®mmm 

tlX^Z. 

[0179] a^fifit*^#mtt+fa«8 3 t»v« 

2 . #B&tt4>fS]l 8 3 ti J: tfHSSBHfcl 8 4CD3IBb ii 

Mfr&lt. Xt°>v\'/I/:/SGMR. (giant magneto-resist 
ance) JRTfclfcJ*. I vf*l<?5*§£ t> , JMzrMW&Mto 
BMbWr ^*&fcttfi&WK < , RWOlfr&tffitfoP 

3jfi£tfc>llH]S&J: OmSvft^i: L TJR Office k#T' 

[0180] mm.in.m=F<r>mMt:mf$> t . h 

/PMRJHtolftd-. Il5SStftJ18 4 kUTiPS 1 Onm 
ol, ^tt+^«8 3 k LT/i$ 2 n mc?)A 1 , 
0 3 51. £*tt8atfi«*>4&& tt«HWSttJI8 2k L 
TIPS 5 n mcOF e -Rh^iSf|HfctOt*6. 
fot'U ^iX^OCo^fcitA'Fe-Rh^lgkA 1 
2 0 3 MkOlHUcWS 1 . 2 nm<0F eH*tf«DS 

XtyA'/^lGMRSf^, HDDfflXh* 
yA'/UT - - A.. y HtJ:<fflv^<il.Co/Cu/Co?: 

[01813 ja±<7)<k 3 i oemtmmiz* 
tin, ®&mm%iz£vmnm*iiivmm%m5> 
mmnw.*9mi-&zttfx$z>. ttz. m\w >;+ 
m&i-m^m.m.m^zmm^ ztizx*) 
m&tmmTzmsfcix^hox', *=Ht#ff>mss 
mmz®e>tzttfxz. wmmmscDgkmxmm 

SMfcti £ViEm&CDfa±m& z k *»-c# s . 
[ 0 1 8 2 3 act , £ com<r>m 1 1 OSOUBJRCJ: & 

[0 1 833 £<0««iEflSI!Bt*J^T«. ±ifcO&3l 

y*m?m-nm£±.iz7UAmzimitm\zii. 

[0 1 843 £<omi l oUSIff^t ct^lf . y 
TOCttH'feM* £ k . Ins 

mm.-thzttfx'ibh<r)x\ wsmi i mw.v>is > ®%. 
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H J: V ±®&it b TKSUMMt b nm* h Z b 
X'%h. 

[0185] 1 1 msmvmms., a yta- 

l>cOT\ JKHHtflllS*. Mt'fW?- U3-m 
[ 0 1 8 6 3 iilb, ^^BflO^ff^to^-ClJJBflU 

[0187] -r &;b*> s ±^om i 1 1 ^gtn 
fc*jv»rwfc*«. mm. jm. mum. r 
a-tx%mh<£x-t>imzm'-r. -mizmtx. z 
mm, m.. mxm. ro 

[oi 8 8] mm. me^mtmmiza^x . 

i&J:^tUr<>J:V\ CO£5£iKlfft/I?)tffii: LX 
[0189] ^ASffi3l^l^«JjU:-CR3IS8ttft 

«*oiwtfc* fljfl-f * ; t wv* s . 

[0 1 90] Mn{irffiO*f*rCR3S«tt**U» 3d 

mx'%%mm*t(r)x\ *f&mzm?&4&<nmi&i 
mx'bz. mz. Mnas*«4 0at. %&±x-&m 

[019137 vfl^KSftttttflcOfl*: UT. FeF 
! «nF ! ,K 2 NiF, JSfflJ: 9 iffi 

[ 0 1 9 2 ] znm£mttRwm#£m&. 
co&n < a^hs < msmjmtk* * > ) fcj*otro 

fct-T. ffifSffififc (compensation composition) 
i|fljft5D7x 'JBttflc (ferri magnetic materials) ifljffl 
■f* Witf. Tb-Co^*SrifW. » 

[0193] j»*ttfc:flfch.*R»S8tt*rfl. 

T B CO 
N i -Mn 4 5 0 

Pt-Mn 380 
Pt-Cr-Mn 380 
Pd-Pt-Mn 300 



[0194] wtmRm&mi&mzit^xm&mz 
mn. Mmmt&mmmmx'b&m&vxtx'K® 
mwmi*i^{mtixNiotmmx'*>&. « 

-Fe 2 0 3 . Cr 2 0 3 iSffir£3$«Ktt£jjrf . N 
i OSrifc L/C, S'IOft®£»L*«ft (solid so 
lution) T\ 1*tt*>lllE«:fT3 
*<0iB«eLh'rR»8tt8W**3*-/uaKT > #5 
4 8 Kttifitfc* N i O b . *-/PaL8EI49 3 K fciiS 
WTT'£I>#N i OJ: 0 t>BSW3rtt#**fcC oOfc 
«fflj8**f^6;i:lcj:"3. SHUTN i OJ: 0 bttftB 
#tt#**fcttflfc»**$^*^fcfcfc4. N i O 

bcoobirmmm^uzmmmt. ntmx-n 
mthzbtfx-zh. 

[0 195] A«T*oTt>. &«0±3&#&j51 

r-Mn, Pt-Mn, Pd-Pt-Mn, Rh — M 
n. Pt-Cr-Mn^f. 

[oi96] mmtizmummmn (ftT N 

m&imbixm^ti&Kmi&mz, m&xm>-h 
*>M&&cr>±.%iKmmx't. &wmmstmfZR 

mmmcr)W.itb<7M1tZ&^i>V>X'$>&Zbtm 

mrno&gx *) h&hMz^&mztt^x^mm. 
tfit>&. ztii,zmLx9mt:u.m-tz>tMzh, mam 

[oi97] wmm^#*<nwm±xw&mm. 
[oi98] m%!&.<?>jwfrh . coaffltflffl"*-* 
■cv^imtjaTfcMW-*. t n tm^ztit>(?)tt® 

ZbX'K%tW&£±tX^&l>e>tf§'<. &Z>i8JgT 
a nn **iVlkXim&Zftb%^bmitttf18Z%\>\ Z 
tiliW£±<r)®mb% YfthtiK 3 0 0iCJaTO«Slffl 
fltC8ttf«*fctt. ««««**i*C«iff*>*i*fflS 

[0 1993 

T N CO T anneal (°C) 

797 280 

702 280 

230 
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cox\ ±mzmix^&. 

[0200]fflil:Fe-Mn > Ir-Mn, Rh- 
Mn, Ru-Mn, Pt-Cr-Mn, Cr-Al& 

t\ 

[020 1] 

imvftimi ia±IOTIW:J:3(c. i*>JMifcJ:Stt 

n £ 4. t fir -f -nrr 5 7 a y3g®£«iSWb 

[02 0 214*:. iOjgifltiSasmiESS^tJ:^ 

MtT<-Tiry$?v>m®i,zMmfcztixi>. 

X'X*7<iV7>M • X4 vl-yyZfto ZktfX'% &. 
1 0 2 0 3 ] 4fc, i<0»HB(cJ: §Bm§£SK.J:Mf . 

[0ffi<7)©*^ijiBj] 

[02 3 Se^JWttKfE»£ftl>$^? HKOtt 

mmnx-^ihtz^^-f^m'h & . 



[03 ] wft<mmmwfi%m%£mmzti&m 
s. 

[04 3 ZVmom 1 Slft^'f >y f- 

[05] £ rtfflWSi 1 OSfflgJB (c J: * BHfc* 4 v+ 

tzto^xmwm&mijmzmmztimtt.*? h/u 
(ommTt^-tv&imx'hz . 
ime]z ?)%,w<nm 3 ommmiz x i mitx a*** 
m?Znit«mmx'h&. 

im7]z 4 nmimmiz x & awt* a -* * 
m?*7j?tM9mx'b&. 

[08] z<mw>m5nmmmzxi>MRAMi7fi 
■t«mmx'h&. 

[ 0 9 j z <?mwte 6 commmmiz j; & mitx a-,* 
m?z*tammx'h&. 

[010] z mm>%. 7 nmmmmiz <t * mcx a *, 
*m?£*-?®m\x'hz>. 

[011] Z<Offllto&80£ffijm£.i&mx4 >v 

[012] znmico&9e>mBmz£z®smm 
w.z*t$kMmx'hh . 

[013] £*>3Wi*)S 1 OOHWBSfc J 

na^^-tn&iS0T'S>4. 

[^COl^Bfl] 

2 . 8 1 ■ • • 3 . 1 1 • • • SAffiSfttt 

Ml, 12,41. 6 1- • • £*ff4JBs 21,4 
5, 52. 64, 84 - • • BJgHHW. 2 2. 5 1, 
62, 72a. 82 - • • XfHfflBttAL 2 3- ■ • * 

mi. 4 2 • • • m&wmmm. 4 3 ■ • • jwttf* 
4jh. 5 3 • • • iteMM. 6 3 • • • msmm. 
7 2 • ■ • mw vi-m?. s 3 • • • im&*m 



[02] 



[03] 




3 

I t [n») 
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